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APPENDIX A
To
TRI - REGIONAL RECOMMENDATIONS

- REPORTING -

The following document is for those interested in the investigation and
cleanup of leaking underground storage tank sites. This letter is written
direction prohibiting implementation of workplans or interim
remediation at sites without Local Implementing Agency or Regional
Board approval. Implementation of the Final Remediation Plan (or any
Corrective Action) shall not begin until the Local Implementing Agency
and Regional Board approve the Plan.

If you have any questions, please call (916) 361-5600 and request that an

underground tank staff person assist you.

Gordon Lee Boggs
Underground Tank Program Coordinator

30 AUGUST 1991

Central Valley Regional Water Quality Control Board
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EEPORTING SOIL AND GROUND WATER CONTAMINATION PROBLEMS AT SITES

CONTAMINATED BY LEAKING UNDERGROUND STORAGE TANKS (LUST)

INTRODUCTION TO APPENDIX A

Appendix A is a companion document to the TRI-
REGIONAL BOARD STAFF RECOMMENDATIONS
FOR PRELIMINARY INVESTIGATION AND
EVALUATION  OF  UNDERGROUND  TANK
SITESTri-Regional Recommendations). Appendix A
is uwsed for the Preliminary  Investigation and
Evaluation of sites as described in the Tri-Regional
Becommendations, The Cenral Valley Appendiz A
expands the workplan/reporting provisions 1o include
guidance for the mvestigation and remediation of aoil
and ground water problems. Figure #1 and Tables ¥1,
#2, and 3 in the Tri-Regional Recommendations must
be consulted for use with Appendiz A,

This document s consistent  with Chaprer 16
Underground Storage Tank Regulatwons. It provides
information necessary for tank owner (or designated
responsible party) to prepare workplan, investigate the
site, complete reponis which identify the problem and
ie develop appropriate, cosi-effective remediafion
measures.  Fegulation sections are designafed as §
2652 (d).

PLRPOSE - COST REDECTION:

Appendix A%s purpose i fo reduce the cost of
investigations 1o tank owners by providing them with
sufficient information which they may use to instruct
their consultani(s) on procedures for developing
workplans and reports. The intent of the information
is to avoid the question, “Why Is there never time o
do the work, but always encugh time to do it

agaln?"

When investigations of sodl andfor ground water are
necessary, tank owners are understandably concerned
ahoun their lability and the costs associated with the
investigations and subsequent cleanup, Although we
have no control over fees charged by consultants,
laboratories, and drillers, or prices for pumps, towers,
carbon units, or backhoes, etc.. the cosis of

investigations can be reduced by using the information
in Appendix A to develop workplans and reports.
Complete workplans and reports reduce, significanily,
the time required for review and approval by the regu-
lating agencies.  Additionally, time spent in the
investigation phase can be reduced because the
consultant, following thess recommendations, s using
the most direct, cost-effective, approach for
developing appropriate remedial methods.

We do nod believe that the best interest of the tank
owner is served by prolonging the investigation and
subsequent cleanup, Both inflation and changing laws
and regulations will escalate costs 10 the 1ank owner,
Also, the ability wo conainict on propecty of 1o transfer
ownership will be severely restricted, usually by the
lending instinution, not the regulating agency.

FIGURE A-1 FLOW CHART

Figure A-1 displays a procedure for investigating and
reporiing for Section I fuel releases, Case #3 non-
fuel releases, and known ground water pollution
sites,  Throughout the process, quarterly stafus
reports are required (see discussion on Page A-3).

The investigation/reporling process initially culminates
in a Preliminary Investigation and Evaluation Feport
which leads 1o either Soil Remediation or Soil and
Ground Waler Bemediation.

REPORTING

Both general and report specific requirements are
discussed below, Geperal requirements protect the
interests of the tank owner and assure the regulating
agencies thal commitments have been made. These
include Tank Orwner Commitmeni, comprehensive
requirements and monitoring well installation, Report
specific  requirements  guide the fank owner in
preparing the report phase for LIA and Regional
Board review.



CONTAMINATION VERIFIED
TRI- REGIONAL RECOMMENDATIONS
(SEE DISCUSSION)

SECTION 2652 (d), CCR REPORTING REQUIRED

i

SITE CONTAMINATION
WORKFLAN

|

PRELIMINARY INVESTIGATION AND \

EVALUATION REPORT

SOIL OMLY IMPACTED

SOIL REMEDIATION INITIAL AND
PLAN INTERIM WORKPLANS
REMEDIATION FPROBLEM ASSESSMENT
COMPLETED ** REPORT (PAR)
o o FINAL REMEDIATION
Closure C.Eﬂlflt-allﬁr'l PLAN (FRP)
Reguired
FIGURE A-1 REMEDIATION
Underground Tank COMPLETED **
Site Investigation Process

SOIL AND GROUND WATER IMPACTED
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All reports and workplans prepared for the Regional
Board are to be submitted 1o both the Regional Board
and LIA for review and approval.  Interim
remediztion shall not commence withow! LIA of
Regional Board approval.

GENERAL REQUIREMENTS

Tank (hweer Commitmens - A cover letter from the
tank owner (or Responsible Party designated by the
tank owner) is to be submined with all reporis and
workplans stating:

Agreement  or  disagreement  with  the
conclusions and recommendations m the repon
or workplan;

The accuracy of the report and that Local
Implememing Agency or Regional Board
guidelines have been followed;

The vime lines and projecied schedule for the
next phase of investigation; and

Whether (and why) a meeting is requested 1o
discuss oplions,

Comprehensive
Reports and workplans are o have pagination,

Time schedules are o be included showing
wieeks and months o completion with key
steps shown,

Each report is to summarize previows repors,
as necessary and available, o assure that i
may be reviewed independently. It is not
acceptable 1o reference a graph, table,
borehole Jog, e1c., in a another repor (al nmes
not even available).

- Technical assistance for completing reports
and workplans may be  provided by
cnvircnmemal consultams in the private secior,
Repons, documents, and plans which contain
engineering, geology, andfor  geophysical
information  must be prepared under the
direction of properly licensed individuals in the

A2
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State of Califorma (Sections 6735, 7835, and
78351 of the California Business amd
Professions Code).  Responsibility for the
technical information is indicated by the
signature andior stamp of the seal of the
licensed individual. More than one signature
andfor seal may be required where more than
one professional specialty is included in the
technical document submitied.

All borehole and monitoring  well  logs,
excavation procedures, and soil/ground waler
samplings are 10 be cenified by a Registered
Geologist, Certified Engineering Geologist, or
Registered Engineer.  (This assures the
repulaiory agencies of the integrity of the work
and protecis the tank owner's interests.)  All
subsurface geologic data from borcholes,
monitoring wells, trenches, ewc. are io be
displayed on geologic cross sections.

Monitoring Well Installation;  Individual
diagrams are (0 represend the  compleled
accurately and show or describe:

well
well

Types and quantities of materials placed in the
borehole;

Flacement method of annular space materials,
e.g. remmie pipe, poured from the surface,
not placed, etc.;

Detail of the location of screening, bentonine
seal, sanitary seal, eic.;

Mominal inmer  diameter (1D and  owter
diameter (0D} of the auger and casing;
Copies of drillers andfor geologisis logs for
drilling and construction;

Any field notes from development and purging
of the well and descriptions of difficulties
cncountered during drilling; and

Type of rig equipment used for well
constraction, development methad, volumes
purged from the well and names and license
numbers of the company, geologist and driller
idenified.

Al report maps are to be prepared as follows:
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All maps oriented with north up on the page.
A scale proportional o map size included, e.g.
| 5 | 5 | =10 fes.

- Show all above ground structures including
canopies and power lincs.
Indicate buried pipes, tanks (with cach tank
labeled for content), leachlines, wilites, etc.

(huarterly Staius - §26520d)

Tank owners, Operators, or permifless are lo repae o
least quarterly 1o the Local Implementing Agency and
the Regional Board until investigation and cleanup of
the site is deerned adequate (more frequent reporting
compliance may  be required by ihe Logcal
Implementing Agency of the Regional Board). These
repors are o show the;

status of investigation and cleanup activities
including the resulis of all investgations
implemented 1o date;
proposed  confinuing  Of
investigation;

method of cleanup proposed or implemensed o
date,

time schedules for the completion of the
investigation of the sile and remediation;
method and location of disposal of the released
hazardous substance and any confaminsed
soal, proawsd water or surface waler;

manifest required for transport of hazardous
subslances;

monitoring well data including ground water
elevanon, pH, conductivity, emperaure and
gradient;

- labulared analviical resulis of ground water o
soil sampling;

- & site map showing the "zero line™ of
contamination, if koown, and changes in
analyses and gradient measurements over the
last quarter;
tabulated data for all monitoring wells
including ground water elevations collected to
date;

a 3ie map delineating ground water elevation
contours hased on recent data; if the site is in

next  phase of

A3
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remediation, define the zone of capture for any
extraction well{s) on the ¢contour miap,

- iabulated analvtical results from all previeus
sampling events including laboratory reporis
for the most recent sampling event and chain
of custody documentation;

- site map delineaing contamination contours for
soil and ground water based on recent data;

- tank owner commitment letter,

- the gquantity of ground waler, wvapors, and
hydrocarbons removed (in gals,, cu, ., and
Ibs., respectively), during the reporting period
and cumulative to dale;

- rimes and dates equipment was not operating,
cause of shutdown, and a corrective action
plan 1o insure similar shuidowns do not
recceur (proposed corrective actions are io be
completed within 30 days of the system
shutdown);

- tmelines for activities currently underway or
proposed,  Compare new tmelines 1o those
previously submied with a written explanation
for changes; and

- estimates of the gquantity of contamination
remaining o soil and ground waer, and time
for completing remediation,

The information may be submitied as a letter with a
site map 10 the regulating agencies.

SPECIFIC REQUIREMENTS
SECTION IIT INVESTIGATION

nce a tank has been removed, there may be
significant soil problems which can not be resolved by
a "scoop and mun® cleanup of minor overspills, but
remain o be identified and remediated. To pursues a
auceessful site remediation plan, the lateral and
vertical extent of soil contamination must be defined.

The prelimmary investigations are critical, Failere o
provide the mformation because the work was done
impatiently or improperly is expensive because if
requires backiracking and impedes subseguent
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investigations, The information is needed for the LIA
ard Regional Board 1o make a proper decision.

Az shown on Figure A-1, the investigations are
procedural and linked.  Information developed for one
is  included in the mnext phase, The Site
Contamination Workplan (SCW) prepares basic
information required for any subsequent work and
iy b suffichent for the LIA to certify closure. The
Preliminary Investigation and Evaluation Report
(PIER) determines whethes &oil only is impacted or if
ground water also must be investigated. Once the LIA
decision is made, based upon a complete PIER, the
tank owner will be informed to proceed with soil
remediation by completing and implementing the Sail
Remediation Plan (SEP) or 1o conlinee  the
investigation. If ground water is found o be impacied
a Problem Assessment Report (PAR) is needed to
defing the problem area and propose remedial
measures.  The Final Hemedial Plan (FRP)
incorporates the accepted plan, time schedule for
implememation and operation, and a contingency plan
to correct potential problems,

Reports are to be submitted 10 the LEA Tor approval,
and 10 the Regional Board for incorporation in the
Underground Tank data base. Where extensive soil
problems exist, the repons alse may be reviewed by
the Regional Board.

Site Contamination Workplan (SCW) -§2832(c id),
§2653(c)

The workplan 15 wsed 1w develop preliminary
information to direct subsequent investigation{s).

Background

Mame and address of site, tank

owner, and comact  person, if

different.

Arca map showing site location relative to
nearby landmarks such as rivers, highways,
urban or industrial areas, eic. (approximate
scale squivalent 1o a USGS wpographic map or
road map).

A4
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Scale drawing of the sile showing adjacent
streets  and  buildings, seplic tanks and
leachfields, and underground utlity lines (ap-
proximate scale: 1 imch = 200 fest),
Layout of all tanks and piping systems om the
property, with each tank labeled for content.
Results of tank tests and summary of other
imitial site work completed.
Estimates of the quanity and composition of
liquid leaked into the environment and how
quantified.
Information on local opography, geology,
nearby streams, and depth 1o ground water,

- Date of tank(s) removal and condition of the
tank system,

- History of tank repair,

- Tank testing results, dates and inventory
reconciliation methods since | Jamuary 1984,

- Copy of unauthorized releass repon form.

- Description of liguid or solid wastes remaoved,
including copies of all manifests,
History of leaks, spills and accidents at the site
involving the tank svstem,
Previous subsurface on-site or adjacemt sie
work including:

- Table of soils andfor water analvses

- Epil sampling procedures used

- Boil stratigraphy in excavation or borings

- Depth to ground water, if encountered
Descripiion of any uwnusual problems
encountered

Hizstory of site and 1ank wse,

Proposed sampling locations and methodology
with time schedules for completion of the work
and a plan for disposal of drilling spoils.

Soil fnvesrigation - §2652(c), 2653, 2654
Describe or ientify the method or technigue for

Determining the extent of contamination within
the excavahon;

- Sampling;

- Mumber of borcholes,
depth, eic.;

location, sampling
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- Laboratory analyges;

- Soil classification system;

- Boring/Drilling;

- Sl gas survey, if planned;

- Subcontractors; and

- Quality Assurance plan for field testing.

Ground Warer Investigation

Monitoring and observation well placement is o
adhere to  Tri-Regional  Recommendations;
construction of the well is described in the LUFT
document and may be regulated by the LIA. If a
single monioring well is placed in the wverified
downgradient direction, the veri-fying data is to be
submitted with the workplan. The workplan is to
imclude:

- Map. w scale, showing the location of nearby
wells;

- Comstruction diagram for wells;

- Drilling method and decomamination berween
drillings;

- Well diameters;
Drate of drilling,
Casing typs;
Seal type and depth;
Development method and criteria for selection
of the method;

- Disposal plans for curtings and development
waler;

- Survey plans for the wells,

- Water sampling plans;

- Water level measurement procedure;

= Well purging procedurc and purge water
disposal plan;
Sample collection procedures:
Free Product measurement method;
Anabvtical methods 10 be used; and
Quality Assurance pan inclading Chain of
Cusiody procedures.

Upon approval of the workplan 1o define the soil
contamination (and contaminant vapor plumes if
appropriate), the tank owner or their consuliant must
obtain the pecessary permits from the LIA. Work on

A5
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the site is o contimse until the soil problem is
compleiely defined.

Preliminary [nvestigation and Evaluation Report
(PIER) - §2645, §2833

Information developed for this report will determine
whether & soll only or a soil and groumd water
remediation must be considered. The PIER 5 10
comiaimn:

Basic information developed from the SCW
(summarized);

The problem area is o be accuraiely delineated
on maps and cross sections o scale that depict
the lateral and vertical extent of soil
contamination, and lateral and vertical extent
of vapor plumeis). Cross sections musl
include soil stratigraphy based upon boreholes,
trenches, monitoring wells, or any other sup-
porting information,

- Tables summarizing analytical data and
methodologees used to collect and analyze the
samples;

- Depth to ground water; and

- Ground water quality,

I a =0il only case is indicated, proceed 1o the Soil
Remediation Proposal.  1f soil and ground water are
impacted proceed with the Problem Assessment

Report.

SOIL REMEDIATION
Soil Remediation Proposal

At this tme the ank owner is to submit a 50IL
REMEDIATION PROPOSAL  which coniains
information that summarnizes the data and develops
alternatives for the tank owner and LIA to consider.
The SRP content is as follows:

A complete description of the remedial steps
proposed to clean up the soil contamination,
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- A complete description of the remedial steps
proposed 10 clean wp confaminant Vapor
plumes.

- The volume of soil 1o be remediated.

- Locatson and boumdaries af the remediaiion
ared
Geology and depth o ground water at the
remesdianon anga.

- Measures 1o be aken to prevent any waker
quality impacts during remedia-teon.

- Expected concentrations of contaminants afier
remediation.

Final disposition and locatien of soil from both
the remediation process or drilling spols.
Whether there is a need for any monitoring
wells and continued ground water sampling
and analysis during or afier remediation of the
soil will be determined based on the amount of
contamination left in place and the depth o
ground warer.

Upon completion, the SRF is submimed to the LIA for
review and approval. Negotiations berween the tank
owner and LIA may change the proposal depending on
the amount and extent of contamination discovered
during the site investigation and any residual
contamination remaining on-site which may contribule
to fumre nuisance conditions.

EXAMPLE: When all soil comamination has bren
removed or it has been determined by the LTA that any
residual material canmot impact ground wiater, the site
can ke closed and certified.

A summary of the site assessment and soil remediation
completed at a LUST site is to be sent to the Regional
Board for incorporation into the Regional Board dita
base amd filing svstem.

GROUND WATER AND
SOIL REMEIDMATION

When pround water has been shown o be
contaminated as & resalt of a lank leak, the site
investigation is o proceed in phases, Each phase is o

A-b
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be a complete emity, with a report completed
accarding t0 the schedule below and submitted by the
tank owner to the L1A and Regional Board for review,
comment, and approval. I dee repon lacks prescribed
data, a4 described helow, such as detailed maps, it
may be retumed o the tank owner for completion
prior to resubmitial for regulatory review, The
reports shold be sufficient to describe the problem
and suggest remedial actions that would mitigate or
climinate the ground water and soil problems.

The intent is to provide a consisient format for the
tank owner; so, regardless of who bids on, or
completes a phase, the reported information will be in
a format the tank owner will understand and be
assured that the regulatory agencies are gerting the
information they need to make a decision on the sie.

The reports are:

. PIER - See Page A-5.
Interim Workplans are submitted unfil the Lateral
and vertical extent of contamination is determined.

The proposed workplans may be submitied with the
quarterly stalus reporis,

%]

. A Problem Assessment Report (PAR) describes
the lateral and vertical extent of a problem, and
proposes mitigative o remedial actions to clean up
a sile, aml;

3. The Final Remediation Plan (FRP) is to propose
acceptable activities 1o the regulatory agencies and
tank owner, implementing work o be completed on
a timse schedule.

Initial Workplan

The initial workplan preparation of the PAR
constitutes @ “blanket® workplan 1o cover
contingencies of future work. As such, safety plans,
QAQC, and sampling and analytical procedures are
constants and do not require repeating in subsequent
workplan addenda unless changed. Mote that soil
coniamination should be defined at this vme.  If not
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this workplan is to include soil work as described in
the Site Contamination Workplan (Sce page A-4).

Following is information 1o be included in the
workplan {although somewhat redundant, it is repeated
for emphasis):

Mame and address of site, 1ank owner, and

contact person, if different.

Copy of unauthorized release report form.

Area map showing site location relative to

nearby landmarks such as rivers, highways,

urban or indusirial areas, etc. (approximate
scale equivalent o a USGS tepographic map or
autoe club map],

Deetailed site map showing:

- layout of all tanks and piping systems,

- with each tank properly labeled for
content,

- adjacent sireets and buildings,

- seplic tanks and leachficlds,

- underground wtility lines including
electrical, relephone, water and sewer,
canopies, e, (approximate scale 1 inch
= N feet)

History of site and tank wse.

Date of tankis) removal and condition of the

tank system.

History of tank repair,

Description of liquid or solid wastes remaoved,

inclding copies of all manifests

Results of tank tesis, dates and nven-tory

reconciliation method, or initial sie work

completed since | January 984,

History of leaks, spills, and accedents al the

site involving the tank system.

Tables summarizing preliminary soil and

ground water data,

Estimates of quantity and compaosition of liguid

leaked into  the eovironment and how

quantified.

[nformation of figures for local topopraphy.,
geology, soil srratigraphy, nearby sireams, and
depth wo ground water.

Proximity of private, municipal, and irrigation
wiells within 2000 feer of the site.

AT
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Proposed sampling locations and methodology
and disposal plan for drilling spoils and purged
waler.

Time schedules for completion of work.

Ground Water Investigation

Monitoring and chservations well placement is
1o adhere o Tri-Regional Recommendations;
construction of the well is described in the
LUFT document and may be regulated by the
LIA. If a single moniloring well is placed in
the werified downgradiend direction, e
verification data is to be submitted with the
workplan. The workplan is to include:

Map, to scale, showing the location of
nearby wells;

Construction diagram for wells,;

Drilling method and  decontamination
between drillings;

Well diameters;

Drate of drilling;

Casing type:

Seal type and depth;

Development method and criferia for
selection of the method;

- Disposal plans for cultings and  de-
velopment water;

Survey plans for the wells;

- Water sampling plans;

- Water level measurement procedurs;
Well purging procedure and purge water
disposal plan;

Sample collection procedures;

Free Product measurement method,
Analytical methods to be used; and
Quality Assurance plan including Chain of
Custondy procedures,

[Mscussion of Initial Workplan

All permits are obtained from the LIA. Siarting and
samgiling dates are 1o be provided w both the LIA and
Regional Board at least 48 hours in advance of each
activity.
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NOTE: If the LIA has not adopled monitoring well
construction speciflications or lacks jurisdiction for
drilling permits, these plans and proposals, and any
subsequent requests, must be submied w o the
Regional Board for review and approval,

In order for our review to proceed and the tank owner
i b back in business as soon as possible, a concise,
complete report is necessary.  Time and staff
restrictions &o ned allow the regulatory agencics 1o
interpret pages of raw data amd anempt woexplain
thert 1o ihe tank owner.

Workplan Addendum

If work proposed in the Initial Workplan does ot
complewely define the extent of =oil and ground water
contamination, the tank owner may submit a one or
o page workplan addendumd{a) (with site map)
brieflv detailing work 1o date, sampling results and
proposed additional work. This data may be submitied
wilh the quarterly starus report. The extent of
conlarmmation 1% e e compleely defined in oa
Problem Assessment Report prior 1o proceeding with
a Final Remediation Plan.

PFROBLEM ASSESSMENT REPORT (PAR) -
§2835

This report 15 10 summarise e PIER and delineate the
problem accurately by mcluding:

- Tables summarizing analyrical data such as
compound concentrations found in soil and
ground warer, and sample depth,

- Figures delineating horizontal and  wertical
extent of ground water contamination plume{s)
and zones of soil contamination as appropriate.

- Fipureds) delineating extent of vapor plumes (if
appropriate).

- Contaminated aguifer ground water gradiem
and regional gradient hased upon recent data
on depth to grownd water.

A-8
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Soil stratigraphy and cross sections hased upon
boreholes, monitoring wells, trenches, and
supporting geclegical mapping logs.

Magp showing local wells, buildings or wilities
impacted or potentially threatencd,

Defined extent of soil and ground water
contamination, the lateral and vertical “ZERD
LINE® on site maps and cross sections for both
soil and ground water,

Floating product found--depth and extent.
Preliminary pumping test and soil analysis
results a3 necessary (o Investigate the
remediztion allernatives,

Usimg preliminary feld wess and/or Tab pilot studies,
investig#e and submin proposals and costs for at least:

Excavation

Omn-site soil aeration

CHT sive soil treatmient

Landfilling

Soil vending

Ground water extraction and treatment by
acration, carbon fileration, pump 1o sewer,
eic.

Bindegradation--soil and ground water
Physical containment

Chemical newdralizatbon

Incimeration

Mo action

Other (new technology)

o R g =

— W Fm

With minimal investigation and explanation, some
alternatives may be climinated as simply not feasible
for the site. For instance, soil venting is practical in
sandy soils bur difficult w justfy for ughter clay soils
where excavation and removal or excavation with
bioremediation may be a beter consideration.

Mote: I disposal inoa landfill, sewer line, air
siripping, otc., are proposed, the consultant st
inclhude assurances from each appropriate regulating
agency that the activity is acceptable. It is not
acceptable to submit a remedial alternative that can
ned be implemenied and then attempt to use the
report to justify its implementation.
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Interim Remediation: §2655, §21832

At times the 1ank owner may want (0 install equipment
to remove " free product” or initiate minor soal cleanup
before approval of a remedial plan. Such action may
be warranted but is always at the owner's risk and
may impede, or increase the cosis of, the final action
requited. Interim remediation shall not commence
without LIA or Regional Board approval.

Diiscussion of the PAR

During problem assessment. while the  drilling
equipment 1% on-site, sufficient soil boreholes and
monitoring wells should be completed, as necessary,
io define the soil and ground water probdem. As work
progresses, more monitoring wells and boreholes than
those originally suggested will undoubtedly be
required.

When new permits for borehole and/or monioring
wells are requesied, o letter requesting the change
and a site map showing the proposed locations of
the horeholes and/or monitoring wells is to be
submitied for approval to both the LIA and the
Regional Board. The map must include the line of
demarcation for both the soil and ground scares
contamination found in the latest and previous soil and
ground water analyses. The proposed time schedules
of sail and ground water sampling, and ground water
gradient determination are 1o be incleded,

If a due daic cannot be mel, the tank owner (o
designee) must request a due date extension in
writing. The request is to inchede a proposed due date
and complete justification for the extension and the
new dite requested.  For instance, off-site drilling
may be required, which frequently canses project
delays while negotiating with off-site property owners
for permission to dnill on their property. 1f the delay
would cause the tank owner o exceed the due date, an
exiension must be requested immediately. Regional
Boards and LIAs will provide assistance in ohtaining
permission to drill off-site, thereby avolding lost time
for completing the site investigation.

A-G
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As part of the PAR process, remedial measures are (o
be investigated for their feasibility at the site. All are
to be addressed. Where subsurface Central Valley
Hydrogeodogy 15 considered Hydraulic Conductivity
Testing will be needed o design an approgriate, cost
effective remediation system. Where it has not been
conskdered, it is Regional Board experience that the
svstems often can be inefficient, ineffective or both;
thereby raising costs 10 the tank owner, Therefore,
data are w be produced in accordance with the
following:

CENTRAL YALLEY HYDROGEOLOGY
AND
HYDRAULIC CONDUCTIVITY TESTING

With few exceptions in the Central Valley, ground
waler contamination problems resulting from leaking
underground storage tanks are found in water table
(umconfined) aguifers.  As such, investigations to
define the extent of contamination and design of the
remediation systemis) will require knowledge of the
subsurface hydrogeology. To acquire the hydrog-
eologic information, construction of soil borings,
monitoring wells or even trenches can be used 1o
develop limited chasacterization from which judgments
can bhe derived.

Subsurface testing will provide ESTIMATES 1) to
describe subsurface conditions, 2} o suggest a methaod
for remediation and 3) to predict how effective the
process might be for completing the remediation,
Cfien these estimates for remediation are created by
analytical or numerical comprer models based upon
the physical field measurements of the aquifer. The
accuracy of a remediation svatem is confirmed by
observations during the operation and maintenance of
the system with competent and consistent groundwater
sampling for hydraulic conductivity (the higher the
conductivity, the betier the aguifer comducts water],
released subsiance analysis, and gradient caphire.

AQUIFER TESTS FOR HYDRAULIC
COMDUCTIVITY
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Agquifer  tests  are  wsed primarly io derive
rramsmissivity (T}, storativity {8), and hydraulic
conductivity (K1, Aquifer tests also help predict the
radius of influence for individual or muliiple wells.
The results from a properly conducted aquifer test
provide the mosi important 100l for determining the
performance characieristics of ground water extraction
wells, hydraulic parameters of the aguifer, and the
zope of capture achievable Ffrom the extraction
irl:'l-ll:'l[[ﬂ_ll.

The goal of conducting an aguifer 1es1 is 10 obtain
sufficiem  information 1o design an appropriate,
efficient remediation system. In some instances i may
be possible 1o implement 2 remedial action plan based
on "srder-of-magnitude” or "ballpark" estimates of
aquifer parameters. However, a remediation system
based on these crileria may  reguire significant
modifi - ition after the performance his been evaluated.
These modifications may result in sigmificans added
expense o the tank owper which would have besn
av Jed with adequate aquifer testing 1o the pre-design
jhase,

AQUIFER PUMPEPING AND "SLUGT TESTS:
Fundamentally, aquifers are tested by pumping in one
well while water levels are checked in seweral
surrcunding wells o determine the effect of the
pumping in the area, In shug tesss a known weight
(slug) is placed in or 1aken our of a well and water
level changes measured with no pumping. The
resulting data are imegrated into computerized models
which help estimate the hydraulic conductivity of the
substrate.

Selection of a specific iest may result from a problem
of disposing of the pumped ground water, or aquifer
conditions.  Long-term aguifer pomping tests require
contingal readings over a period of 24 10 72 hours by
stafl or in-well wansducers. Staff time can be expen-
sive and iransducers are pot cheap, However, today,
consulting firms conducting ground water work should
have transducers as parl of their equipment arsenal,
Some waler table aquifers. especially in pans of the
Central Valley, have low hydraulic conductivities, so
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a slug test in several wells may be used o generate
data to approximate aquifér paramelers.

Agquifer Pumping Tests: The two primary pumping
tesis are the constant-rate and step-drawdown. These
tesis are somewhat expensive because staff time is
required  te conduct  confinual, on-site well
measurements  and maindenance of pumps and
equipment needed for the observation wells.
However, long term pumping tesis of the aguifer
wouald provide the most reliable information for
designing remediation systems.

COMSTANT-RATE  pumping fesis  allow  direct
measurements of the pumping rate influence, over
time, on water kevels in surrounding menitoring wells,
Before conducting a constani-rale pumping test, the
well must be developed and the water level in the
aquifer allowed to reach static (non pumping) consdi-
tions.  During the long term dest, the wells must be
pumped at & constant rate for 24 to 72 hours,
depending upon aquifer characteristics.  (Shorter
pumping times provide an "order of magnitude®
measurement.) Accurate measurement of drawdown
in the pumping well and observation wells must be
taken a1 prescribed intervals throughow the duration of
the test. It is extremely important 10 measure and
analyze well recovery data where "7 (flow rate) 15
considered constant.

The STEP-DRAWDOWMN fest invalves increasing the
pumping rale in steps at regular intervals, The
transmissivity and storage coefficients are caloulated
from the data obained durmg the first step.
Unfortunately, the wvalidity of these wvalues for
application in the remediation system may be doubtful
because they are based on data taken over a relatively
short time. The real value of a step-drawdown test is
that it allows cakculation of the specific capacity of the
well so that the efficiem well vield can then be
derived. The step-drawdown pumping test s
cspecially useful when the fransmissivity of the aquifer
is unknown and in slow producing aquifers. The
pump is operated at a set rate to determine the
influcnce of that rate on the aguifer and then the
pumping rate is increased until an equilibrium is
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reached with the squifer recharge into the pumping
well,

In COMFINED AQUIFERS the zone of influence
spréeats rapidly because there is no actual dewatering

ol ke sodfos: rarhor theee g, o pregguen CedmoEe e o

which m-l-un outward from the well. Thus a 24 hour
period of pumping = usually sufficient 1o record
enough reliable data from the confimed squifer.

In WATER TABLE AQUIFERS (unconfined) the
pumping test may require wp o 72 hours because of
the slow percolation of water in siratified deposits
commonly found in Central Valley alluvial soils. This
time may be reduced if equilibrium conditions are
established or, as in many cases, the water table is less
than 50 feet below the ground surface. In no even
should aquifer tests be terminaied premamrely;
because the himited data collected may not reveal the
true pature of the aguifer ‘n all cases, the analysis
must be appropriate to feld conditions,

SLUG TEST: This procedure 15 parbcularly
appropriate  for small-diameter  pecomeders  or
monitoring wells. It 15 a simple, quick and
inexpensive test o estimate the horzoatal bydraulc
conductivity at a specific location.  Advantages for ns
use are (1) where pumping large volumes of
contaminated water may redquire treatment or permmit(s)
fior discharge or (2) when low permeability formations
preclude pumping large wolumes of waier. Because
only well specific data are obtained, the application of
slug 1= data o the aquifer i3 limied because they are
not representative of the entire aquifer. Filer pack
effects radial variances in permeabilities of the aquifer
and cloy smearing of the borehole during construction
are all limitations of the methed, Each monitoring
well in the svstem i to be tested and the resalis
defined prior to designing a remediation system,

Eguations for slug tests on partinlly or completely
penetrating wells in unconfined squifers are available.
The hydraulic conductivity of an aguifer near a well
can be calculated by slug reses using either falling or
rising water bevel tests, For slug esis the water level
in the well i5 suddenly changed and the rate of fall or
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rise of the water level & measured. The maore
permeahle the aquifer, the faster water levels change.
The change in the water level can be measured with
fast-response pressure transducers and strip chart
recorders. The hydraulic conductivity of the portion
of the aopifer, preind o the ey pper dpneods ophe
peometry of the flow system, specifically, the well
screen length, the thickness of aguifer penetrated by
the well, and the radial distance berween the
undisturbed agquifer and the well center,

HYDROGEOLOGIC DATA PRESENTATION

Regardless of the testing svstem used or the
calculations performed, all refined data, calculations
and resulting conclusions are 1o be submitted in the
Problem Assessment Report.  All assumptions and
ratimale for using the selected method for evaluating
the data also are (o be discussed and submitted.

Following the completion of appropriate ground water
and soil gas measuremends (o prepare a proper liguid
andfor gaseous phase remediatbon system, the data
must be transformed to define the area of
contamination. Based upon the arezl extent of the
problem and the pumping tests, the receptiveness of
the soil and aquifer for remediation can be estimated
by direct calculation or predicied by modeling, The
resuliz of the prediction help w define the zone of
influence of (he remediatwn system.  The above
factors ¢an be wsed to ¢construct an adequate soil or
ground water pumping and remediation system.
However, appropriate modeling programs are to be
used 1o predict subsurface conditions,  For example,
confined aquifer wsis are inappropriste for imerpreting
unconfined, water table aquifer conditions,

Hydraulic conductivity testing data and modeling
programs used to predict the zones of influence and
caprure are o be submitied in the Final Remediation
Plan, The data and modeling program will be verified
by the regulating agency,

After the report has been submitied to the LIA and
Regiomal Board for review, all date should be
incloded and no further investigation reguired by the
consultant. (Should more data be needed, it will be

pEE ELEE e
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necessary to inform the tank owner by letier that the
PAR is incomplete and a revision is needed before a
remedial action plan can be implemented.} A meeting
with the 1ank owner and consultant may be required to
“iron owt” any problems in the repor.  (Wilh the
objective to reduce meetings and thereby costs, this
would be one of our few meetings; other contacts
should have been by correspondence, telephone, or
on-sile nvestigations.)

Upon acceptance of the PAR by the regulatory
agencies. a letter will be sent to the tank owner which
inchudes details of the procedure(s) agreed upon by the
agencies and tank owner. The consultant can then
prepare the Final Remediation Plan for approval by
AEENCies,

FIN. L REMEDIATION PLAN (FRFP) - §2835

The FRP is based upen the PAR  assessment,
di- msions and negotiations berween the Regulatory
ygencies and the tank owner and their consuliants,
and pesults of the final field and laboraory ests,
Implementation oi the Final Remediation Plan (or
any Corrective Action) shall not begin until the LIA
and Regional Board approve the plan.

The FRP i3 10 include:

- Results of hydrogeologic measurements and
predictions,

- Results of final field wsis and’or laboratory
pilot studies,

- Femedial activity details such as number of
recovery wells, placement, pumping rate, soil
io be excavated, layoul of vent lines, disposal
of wastes, biodegradation raies, eic.

- Discussion of implementation, including a
phased schedule if necessary .

- Dates for beginming work stages.

- Site plan with proposed work areas defined.

- Soil Aeration On-site requires a complele
description of the treatment method

In-situ
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- Soil stratigraphy and geology

- Subsurface utility layouwl

- Layout of piping system

- Depth of piping

- Macement of pumps, blowers,
remediation system
Proposed remediation system:
£.§.. Air Tower, Granulated
Activated Charcoal, thermal
decomposition, internal
combustion engine, etc.

- Permils required with time
schedule for applications and
local lurnaround

- Contingency Plan for system

failure

Cm-Site

- Volume of ol 1o be ireated

- Treatment method, e.g., aeration,
bioremediation, chemcal, #e.

- Wolume and rate of furning

- Comtainment or cover required

- Wer weather contingency plan

Ground Water Treatment remediation plans are
1o include:

- Zero Line definition or projection

- Agquifer Pumping Test resulis and

Projecimns

- Proposed Remediation system,
e.g., Pump and acrate, spray, pond,
thermal incineration, Granulated
Activared Charcnal filtration, etc.

- Proposed discharge, e.g., sewer,
storm drain, surface water, land,
reinjection, eic.

- Permits required with time
schedule for application and
turnaround time

- Feasibility studies conducied with
results tabolated

- Calculations used to determine the
efficacy of the system submitted
for werification
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Security/Safety measures for excavalion one
site, contammated soll piles, pumps and
[realment SySiems.

Dirussion of FRFP

After approval of the Plan and time schedule, work
may proceed. Should delays occur or exiensions of
the time schedule be pneeded, such requesis, with
supporting documentation, are 1o be made by letter o
the Regional Board and LIA. Quarterly reportimg will
COMiEse .

Closure

Upon successfel completion of the FRP activities, and
a petition by the 1tank owner, a leter will be prepared
by the Reglonal Beard describing regulatory conditions
of concern to the Regional Board or L1A, such as deed
restrictiong, long lemm mondaeing, alemative drinking
water sowrces, eic.  The lefter also will certify or
confirm the conditions remainimg o the sile

RECOMMEMNDETD MINIMUM
YVERIFICATION ANALYSES (MVA)

Verification analvses 1of orgame chemicals ane
conducted in laboratories cerified by the California
Department of Health Services,  The MV A are based
upen the organic chemicals and mixres known o be
found in underground tanks, but are not all mclusive;
therefores, they tend 10 have a broad scope,  Labara.
sory amalvees are nesded 10 determine what substance
{qualicative) and bow much (quamitative) is present in
s0il and ground water. The analyses help determine
the lateral and wvertical exient of contamination
["rera”hine™ ) which 1 uwed o d-EvEll:'lp ai efficsent and
cost effective remediation process. Maore critically,
analyses determine whether remediation is satisfactory
(low level analyses required) and the site “cleaned”
and stabilized.

To determine thar the laboratory is providing
sabislictory service, the m CQuality AssuranceCuality
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Conral {QAQCplans for the laboraiory must be
considered. Cuality Assurance includes the policies
which direct the laboratory, Clahity Condrol 15 the
physcal processing of the sample and is critical for
precise and accurate  analyses.  Precision  and
accuracy. paramadant to analytical work, are increased
by improved by QAMDC, however, analytieal cosis
also may increass

The cost/analysis table below shows cost ranges for
laboratories with offices in California, but is not
correlated o QAMDC,  Based on Regwmal Board
ecxperience, some of our consisiemly  accurare
lnboratories with good QAT have analytical charges
at or near the average cosl for the analyses listed
Over the past four years average cosis have increased
abour three dollars (53.00) for BTX&E and TPH-
Gasoline, but have decreased ebeven dollars (511.00)
for TPH-Diesel in soials while QASQC penerally has

improved,

Prablems beyond the control of laboratories which
raise detection levels of chemicals include matrix
problems such as multiple inerfermg substances in the
soil of water sample, samples thar were taken
improperly by the fiebd worker, or that the sampling
team QAN was madequate.  These are 1o be
reported by the laboratory as part of the reporn o the
tank owner

Procedures to improve detection levels that are within
the control of the laboratory include, bl are mo
limited 10:  dedicating detectors, using columns
defined for the puarpose, increasing sample size,
changes in extraction  procedures,  solvent
modifications, and increased staff traming,
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COSTIAMALYSIS TABLE
{Detober 1990)
AMALYSIS COST
Range Avg Median
BTX&E
Water (602} $75-5165 £109 £110
Saoal (B0 £65-5200 119 120
TPH-Gasoline
Water {GCFID) £60-5150 S103 5105
Soil (GCFIDY) S60-5150 5103 105
TPFH-Diesel
Water (GCFID S60-5150 2100 S0
Sail (GCFID) £60-5150 5100 S100
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